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North Jetty

South JettyPeacock Spit

Jetty“A”
Pile Dikes

Clatsop Spit
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Nehalem Bay 11 Jettied Entrances
(Including Mouth of Columbia River)

30 Miles – Rubblemound Structure

Construction - $1.3 B

Repair - $580 M

Armor Size – 10 to 50 ton
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Authorized Entrance Channel Depths at Portland District Entrances
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While > 50% would be classified as “deep” draft by Corps guidelines, majority fall into 
small port classification in terms of vessel usage and economic output.

Authorized Entrance Channel Depths at Portland District Projects
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Natural Inlet
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Engineered Inlet
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Mouth of the Columbia is a Symbiotic System 
of Navigation Structures and Morphology

Submerged Sand Shoals are the foundation for 100-yr old 
jetties and control the circulation at the entrance

1 mile + of combined jetty head loss has impacted the sand 
shoals at MCR, dredging requirements, jetty stability, and 
shore erosion

Improved Management of Dredged Material (placement) 
can Stabilize Sand Shoal Erosion, defer expensive jetty 
repair, feed the littoral system, and optimize Channel 
Maintenance program.



9

Regional  Sediment  ManagementRegional  Sediment  Management
RSM is a systems-based approach for managing 
projects involving sediment.

RSM broadens the RSM broadens the ““planning horizonplanning horizon”” for projects by for projects by 
considering the extended timeconsidering the extended time--space scale as defined by space scale as defined by 
natural sediment processesnatural sediment processes..

RSM requires full RSM requires full collaborationcollaboration among agencies, levels of among agencies, levels of 
government, and stakeholders.government, and stakeholders.

Sediment is viewed as a natural resource

RSM fosters balance between projects and natural system 
processes:  Resulting in reduced project costs and 
achievement of greater benefits.
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Columbia River

1,210 mile course               
2,600 ft elevation drop   
250,000 mi^2 drainage         
250-300 kcfs Regulated Flow

WA

OR
ID

canada
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Willapa 
Bay

Columbia 
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Mouth of Mouth of 
Columbia Columbia 
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NOV 8-9
NOV 10-14

NOV 17

NOV 18

NOV 19

Lewis-Clark waypoints -
1805, making their way to 
the “Ocian”

Winter Camp 
7 Dec – 22 Mar
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7

Russian freighter, Vazlav Vorovsky, 1941

French bark, Colonel de Villebois Mareuil, turn of the century

French ship, Alice, 1909
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Astoria

Baker Bay

Rice Island

Miller Sands

Puget 
Island

Columbia 
River Nav. 
Channel

Grays Bay

Mouth of Mouth of 
Columbia Columbia 
RiverRiver

Columbia River EstuaryColumbia River Estuary

Longview

River mile 0

River mile 25

River mile 65

River mile 45

MCR Channel  (RM –3to 3): Annual O&M Dredging (5 miles)  = 4-5  Mcy/yr

Lower Columbia River (RM 4 to 105+):  Annual O&M Dredging (100 miles)  = 6-8 Mcy/yrPortland 40 miles 
@ RM 105

Pt Adams

Ilwaco
Chinnok

2 miles N
Tillamook Head

WA

OR
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Jetty Construction & Jetty Construction & 
Inlet EvolutionInlet Evolution

1839 – 1950

and 

Present
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These shoals in turn have been able to break the force of the 
waves and protect the jetty from destruction.  Jetty integrity 
and the permanence of the present favorable condition of 
channel over the bar depend upon the amount of this sand 
that can be accumulated.”

“The jetty is a long, thin, narrow backbone of solid 
material, resting upon a very doubtful foundation, 
against which the forces in action at the locality have 
accumulated large quantities of the shifting sands.  

Lead Engineer,  MCR Jetty Design - 1903
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13’

Mean High Water

Mean Lower Low Water

North side of jetty

Brush matters for 
bedding filter

South side of jetty

7.3 ft

Design Section for original Jetty Construction: North/South
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North jetty construction 1914North jetty construction 1914

Modern Day Peacock Spit & 
Benson Beach

Old Peacock Spit
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5 miles

Conditions 46 years before jetties



22Conditions < 1 year prior to  south jetty construction
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2 miles
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272 miles

PacificPacific

OceanOcean

Baker Bay

Meters, below MLLW

MCR
channel

South jetty

North
 jet

ty

Washington

Oregon

Columbia
River

Jetty “A”

#1 #2

MCR Channel X-Sections – showing changes thru time
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Section #1 – Showing Inlet Deepening over Time and 
Scour Effects on Jetties  
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Section #2 – Showing Inlet Deepening over Time and 
Scour Effects on Jetties  



30

-30
-20
-15
-10
-5
-2
-1
0
1
2
5
10
15
20
30

Accretion

Erosion (m)

-232

252

-56 -128

Washington

Oregon

Pacific

Ocean

Volume change in 
cubic meters, 
+=accumulation

-= erosion Gelfenbaum et al 2001

1868-1958

-67

-19

35

-114

9

-48

73

32

3
6

Washington

Oregon

Pacific

Ocean

Volume change in 
cubic meters, 
+=accumulation

-= erosion

ODMDS B

ODMDS F

ODMDS A

Gelfenbaum et al 2001

1958-1998

Bathymetry Change Over Time



31

Mouth of Columbia River 1928 
view to south

south jetty

north jetty
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0123456
Accretion Rates (m/yr)

3000 YBP – 1800’s

0123456

Mouth of Columbia RiverMouth of Columbia River

Woxell et al 1999

North Head

Pt.  Adams

Benson Beach

Shoreline Accretion: North Shoreline Accretion: North vsvs South South 
““Baseline ConditionsBaseline Conditions””

1800’s - present

Clatsop Spit
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Change in the 40-ft depth Contour thru Time
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Shore line: 
Pre- jetty3 km

Peacock Spit Baker Bay
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Impacts of Shoal EvolutionImpacts of Shoal Evolution

It’s NOT the Dams



35

MCR Jetty Investments 
SOUTH Jetty:  Original Construction 1886-96, 4 miles offshore from Ft 
Stevens: 946,000 tons of stone 

Repair and extension 1903-14, 2 more  miles offshore: 4.8 million tons of stone

8 Subsequent Repairs 1931-82: 2.9 million tons of stone 

Total stone placed 1886-1982: 8.7 million tons. Total Investment = $ 199 million

NORTH Jetty:  Original Construction 1913-17,   2 miles offshore from Cape 
Disappointment: 2.9 million tons of stone placed

2 Subsequent Repairs 1938 and 65:  360,000 tons of stone 

Total stone placed 1913-65:  3.3 million tons.  Total Investment = $ 881 million



36

Jetty Root

Connection to 
shore

Jetty Trunk
Connection from root 

to head

Jetty Head
Seaward terminus

* Jetty Head Recession:  
Progressive Loss of Jetty 

Function
* Jetty Trunk Damage - Breach:  Serious 

Consequences

* Jetty Root Damage - Breach: 
Worst Case

General Components of a Coastal Jetty & Damage TrendsGeneral Components of a Coastal Jetty & Damage Trends
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1939

Benson Beach 
named after the 
Admiral Benson

wreck

Shoreline before 
north jetty 

construction 
1912

North head

*

MCR North JettyMCR North Jetty

2002

What was a “spending beach” for wave 
action along the ocean side of the north 
jetty no longer exists.  Now waves and 
currents act directly on much of the north 
jetty.  The north jetty is now 
compromised along much of its length.

North Jetty Head -
1700 ft loss in 
length

North head

Beach has receded 
2,000 ft since 1939

*

View to NE

Severe 
jetty 
damage

Severely Damaged 
Head

*
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OR

Elevation, m, NGVD

Mouth of the 
Columbia River

Figure A-1.  Offshore bathymetry at 
MCR.  The area shown defines the 
model domain used to simulate wind-
wave transformation using STWAVE.  
Wind-waves were transformed from 
deepwater (NDCB buoy) to shallow 
water to estimate wave height at the 
MCR jetties, for 11 storm events. The 
STWAVE domain covers an area of 
37km (n-s) x 33 km (e-w), model 
resolution was 20 m.

Peacock Spit

Clatsop Spit

Astoria 
Canyon

Pacific 

Ocean

WA

N
NDBC 46029

33 km 

WAVE MODEL AREA
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1997

ODMDS B

ODMDS A

ODMDS F

STWAVE Geometry
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ODMDS A

ODMDS B

ODMDS F

2002
STWAVE Geometry
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Offshore wave:   Ht= 6.48 m, Offshore wave:   Ht= 6.48 m, TpTp=12.5 sec, Dir =225 deg=12.5 sec, Dir =225 deg

maximum estimated wave amplification 

Within SW ODMDS = 1.06 

180 deg

225 deg

270 deg

315 deg

STWAVE Model Results: Waves in 1997 STWAVE Model Results: Waves in 1997 vs.vs. 20022002
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maximum estimated wave amplification 

Within SW ODMDS = 1.07 

Offshore wave: Ht = 8.34 m, Offshore wave: Ht = 8.34 m, TpTp=16.7 sec, Dir =260 deg=16.7 sec, Dir =260 deg

180 deg

225 deg

270 deg

315 deg

STWAVE Model Results: Waves in 1997 STWAVE Model Results: Waves in 1997 vs.vs. 20022002
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18 m20 m

NORTH JETTY

N
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MCR Navigation channel

Figure 2  . North Side of Mouth of the Columbia River.  North jetty shown with Bathymetry, elevation is in  meters below NGVD. 

severe damage area



44

Transition to Unrepaired 
Landward Half of North Jetty

Damaged Areas 
along Trunk

Damaged Areas 
along Root

North        JettyNorth        Jetty
STA 73

STA 73

STA 62

Figure  4.  North jetty 
damage areas. severe damage area

Benson Beach



45
1425 m  

scale

12 m 10 m
8 m

14 m

12 m

16 m

10 m
8 m

SOUTH JETTY

N 14 m

6 m

6 m 4 m

6 m

18 m

MCR Navigation channel

Figure  6 . South side of Mouth of the Columbia River.  South jetty shown with Bathymetry, elevation is in  meters below NGVD. 
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Clatsop Spit Ocean side

Channel side

Severe damage areas - view from ocean side

#2 Priority area

Severe Damage Area - view from 
channel side

South Jetty 
Severe Trunk 

Damage Areas -
potential breach

Clatsop Spit

Channel side

#1 Priority area

Remnant Concrete 
Terminal structures 
at south jetty head

South Jetty Head - 4000 ft 
loss in length

Submerged 
Jetty Head

Breach in outer 
end of jetty

South Jetty  South Jetty  2002 
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South Jetty:  Changes during 1999- 2004 along Centerline

South Jetty

North Jetty

Centerline
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South Jetty Centerline – Changes during 1999 to 2004

1999 Survey
1999 jetty 2004 jetty 

3,000 ft along centerline of south jetty

Present ocean extent of south jetty is 12,000 ft

average water level
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Mouth of the Columbia is a Symbiotic System 
of Navigation Structures and Morphology

Submerged Sand Shoals are the foundation for 100-yr old 
jetties and control the circulation at the entrance

1 mile + of combined jetty head loss has impacted the sand 
shoals at MCR, dredging requirements, jetty stability, and 
shore erosion

Improved Management of Dredged Material (placement) 
can Stabilize Sand Shoal Erosion, defer expensive jetty 
repair, feed the littoral system, and optimize Channel 
Maintenance program.
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Present Jetty Repair 
Activities

Interim Jetty Repair

Crisis Intervention
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NEED to AVOID  Risky 
Emergency Jetty Repairs 

Fix things before they break
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Shoreline before 
north jetty 
construction-1912

Present  Seabed Elevation 
at Mouth of the Columbia 
River

Channel Limits shown as:

Locations for Proposed 
Interim Repair areas  
shown for: 

north jetty

and south jetty

MCR  N
av

iga
tio

n

Channel
Lower Columbia River

Navigation Channel

Areas of Potential Jetty Breach are shown as:

These areas are recommended for Priority Repair, 
to prevent breaching.  A jetty Breach at either 
location would adversely affect deep-draft 
commerce thru MCR and would be 3-5x more 
expensive to repair post-breach.

WA

OR

Peacock Spit

Clatsop Spit
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SOUTH     JETTY

NORTH      JETTY

Benson
Beach

6 miles long
2,640 ft wide
55 ft deep

MCR  Channel

Shoreline before north jetty
construction - 1912

Clatsop

                                 Spit

Peacock

                Spit

Distance
from tip of
south jetty to
tip of north
jetty is 2
miles

North Head

MCR channel
requires 3-5 Mcy/yr
of dredging.  Two
hopper dredges are
required to perform
work during
summer

View to the
Northwest,
11 Sept
2002

ebb
flood

Potential
jetty breach

4
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Reach A Repair A
rea

(2000 ft)

Reach B

1,000 ft
75+00

55+00

North Jetty Damage Areas 
Based on 29 July 2004 
Ground GPS Points

85+00
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Damaged Areas along North Jetty Root – Channel Side

2002
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Channel side

Ocean side
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View of North Jetty from Beach   AUG 2003
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North Jetty at Mouth 
of Columbia River

WA

Potential 
Jetty Breach 

Area

55 ft depth

North
 Jetty

South Jetty

OR

55 ft depth

1    mile

N
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North Jetty at Mouth 
of Columbia River

WA

55 ft depth

North
   J

etty

South Jetty

55 ft depth

1    mile

N

Potential Shoaling Scenario 
due to Jetty Breach                  

2 months after jetty breach

A

A’

OR
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Potential North Jetty Breach Potential North Jetty Breach –– Shoaling Scenario at Columbia River MouthShoaling Scenario at Columbia River Mouth
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North
 Jetty

South Jetty
MCR Navi

ga
tio

n Chan
nel

Potential 
Breach Area

55 ft 
Depth

South Jetty at Mouth of 
Columbia River

N
1 mile

OR

WA

Lower Columbia River Navigation Channel
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North
 Jetty

South Jetty
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nel55 ft 

Depth

South Jetty at Mouth of 
Columbia River

N
1 mile

OR

WA

Lower Columbia River Navigation Channel

Potential Channel Infill 
Scenario Due to Jetty 

Breach
2 months after jetty breach

C

C’
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South Jetty Breach South Jetty Breach –– Shoaling Scenario at Columbia River MouthShoaling Scenario at Columbia River Mouth
View Toward EstuaryView Toward Estuary
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South Jetty

mean tide level

East Sand Island

LCR Channel 
width 600 ft

authorized channel elevation
(-45 ft MLLW)

Clatsop Spit

Channel bottom -
present condition

1 - 2  Mcy channel infill 
from breach

Post-Breach Bottom 
estimated

note:  -45 ft MLLW = -48.5 ft NGVD 
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North Jetty Interim Repair
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North Jetty - Interim Repairs

Stone missing from 
jetty section

Channel Side Beach Side
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Interim Repairs are 
NOT a Long-term “fix”

Must Assess MCR Jetties Systemically and Implement a  
Major Rehab approach to Ensure long-term Sustainability
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Regional  Sediment  ManagementRegional  Sediment  Management
RSM is a systems-based approach for managing 
projects involving sediment.

RSM broadens the RSM broadens the ““planning horizonplanning horizon”” for projects by for projects by 
considering the extended timeconsidering the extended time--space scale as defined by space scale as defined by 
natural sediment processesnatural sediment processes..

RSM requires full RSM requires full collaborationcollaboration among agencies, levels of among agencies, levels of 
government, and stakeholders.government, and stakeholders.

Sediment is viewed as a natural resource

RSM fosters balance between projects and natural system 
processes:  Resulting in reduced project costs and 
achievement of greater benefits.
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Present Concept for Sediment 
Budget 

Historic Fluvial input from CR

NET Littoral transport to north ?NET Littoral transport to north ?

Where is present MCR shoal 
material coming from ? SWCES

MCRMCR

Pt. Grenville

Tillamook 
Head
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Then Expand Outward  
Thru Continued Work

Executing a RSM 
Demonstration 

Project Requires 
Us to Focus on a 
Priority Area as 
First Step-MCR

Address First 
Order Effects First
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Some Motivating QuestionsSome Motivating Questions

* What has Been the History of Sediment Movement at MCR?
Does the past dictate present & future trends?

* Where does the Sediment Go-- at Present??

North vs. South

Inshore vs. Offshore

Into MCR vs. Out of MCR

* How Far Offshore Can we Place Dredged Sand and Still   
Have Positive Impact on Nearshore Zone ?

* Are There Beneficial Locations to Place Dredged Sand ? 

* What Moves the Sediment at MCR?
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5 miles

Columbia River Estuary & Mouth of Columbia River

Astoria

Seaside

Long Beach

OR

WA

meters

MCR

In Terms of Channel Maintenance Dredging…...
MCR is the “Tail that Wags the Dog” on the Lower Columbia River

MCR dredging  =  4 mcy/yr (5 miles)
O&M Dredging for entire Lower Columbia River = 7 mcy/yr (100 miles)

Pacific 
Ocean

55 miles to 
Portland
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SOUTH     JETTY

NORTH      JETTY

Benson 
Beach

6 miles long   
2,640 ft wide       

MCR  Channel

Shoreline before north jetty 
construction - 1912

Clatsop   

Spit

Peacock 

Spit

Distance 
from tip of 
south jetty to 
tip of north 
jetty is 2 
miles

North Head (ARGUS)

MCR channel requires 3-5 
Mcy/yr of dredging.  Two 
hopper dredges are 
required to perform work 
during summer

View to the 
Northwest

NJ Site   CWA 404

SW ODMDS   MPRSA 103

Since 1997, 80% of MCR 
dredged sand has been 
placed in SWS or NJ Site

Since 1997 23 mcy has been placed in 
SWS;  10% remains

11
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MCR

Peacock Spit

Clatsop Spit

Flood current

Flood current

Ebb current

Peacock Spit

Flood current

MCR north jetty

SWS

1973-1997:  50 M cy of dredged sand 
placed in ODMDS E (SWS)

1997-2005: 23 Mcy has been placed         
3 Mcy remain within SWS

# 9

# 7

ODMDS E

Bathymetry Change on Peacock Spit
between 1958 and Oct 2003

Contour lines show Bathymetry for 
Aug-Oct  2003

P e a c o c k

S p it

Recent Accumulation of 
Dredged Material Placed 
at ODMDS E

# 5

-25

-9

-7

-5

-3

-1

1

3
Deposition

Erosion

Bathymetric 
Change

in feet
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CR-05   
drop zone

SWS

M
CR    
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Channel
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WA
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N

Columbia
River Estuary

DWS= Deep Water Site, 102 MPRSA
SWS= Shallow Water Site, 102 MPRSA (formally Site E, 103 MPRSA)

NJ Site  = North Jetty disposal site, 404 CWA

Figure 1

Mouth of the Columbia River - Bathymetry and 2005 Dredged Material Placement Sites

2 miles

MCR-05 
drop zone

CR-05   
drop zone
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WA

OR
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DWS= Deep Water Site, 102 MPRSA
SWS= Shallow Water Site, 102 MPRSA (formally Site E, 103 MPRSA)

NJ Site  = North Jetty disposal site, 404 CWA

Figure 1

Mouth of the Columbia River - Bathymetry and 2005 Dredged Material Placement SitesMouth of the Columbia River - Bathymetry and 2005 Dredged Material Placement Sites

2 miles2 miles

MCR-05 
drop zone

STEWARDSHIP GRID Concept
Each Grid is 1,000 x 1,000 ft

If dredged material can be placed throughout 
the areas indicated on any given year, impacts 
at any given disposal location will be minimal.  
Dredged material would be  placed within the 
nearshore of MCR fullfilling a balanced 
approach to maintaining the coastal sediment 
budget (RSM).
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RSM   Demo  at  MCR
A Collaborative Approach to 

Improving the Sustainability of MCR

Learning by “DOING”

ARGUS  Beach Monitoring System at North Head

Mega-Transect Oceanographic Data Collection

A sampling of two (of many) Initiatives
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Depth-Averaged Flow-Field at MCR
ADCIRC Results: For October 1-10, 1997---includes riverine flow, tides, and wind

• Average of  Ebb – Flow

• Average of Flood – Flow

• Net Average over 10 days

• Presence of Eddies and Baraclinic Flow
Necessitates look at 3-D Effects
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Simulated Flow Pattern During EbbEbb & EddiesEddies
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Simulated Flow Pattern During FloodFlood & EddiesEddies
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NETNET Simulated Flow Pattern & Eddies Eddies for 1for 1--10 Oct 199710 Oct 1997

Net Flow
TO  Ocean ?

Modeling by itself is not enough…..“WE” Need DATA to Resolve 
the Pathway for Flow & Sediment at mouth….validate our 
conceptual framework at MCR:  for models & sediment budget

PROPOSE: Conduct Simultaneous Flow & Sediment Measurements 
along “Mega-Transect”, across MCR.

*
*
**

*
Deploy 4-8 “tripods” on bottom for 1-3 months and collect DATA



892530 meters

Baker Bay

Pacific 

Ocean

Columbia River 
Estuary

RM 0

RM 3

Sta. 1

Sta. 2

Sta. 3

Sta. 4

Sta. 5

CTD

Black dots across Mega-Transect area 
are tethered acoustic beacons to track tagged 
Salmon. Should have surface floats, but may not 
due to “damage”. To be removed by PNL in mid 
August
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Station 1:  8 ft Tripod with ERDC Instruments [1500 kHz ADP, 20 m–Paros, OBS 
(2), CT(SB-MC), ADVO]    need shorter tripod in this active fishery area, cab pots and all sorts of “fishing” .  Offset 
1,000 ft from nearest NOAA-NMFS acoustic beacon.  Near surface CTD element to be placed on buoy line.  Wave Burst ADVO 
data  = 34 Min duration@2Hz every 1 hour

Station 2:  9 ft Tripod with USGS Instruments, Tripod “C” SLOPING SEABED and sand waves. 
Offset 1,000 ft from nearest PNL acoustic beacon. Wave Burst ADVO data  = 17 Min duration@2Hz every 0.5 hour

Station 3:  8 ft Tripod with ERDC and NWP Instruments [NWP 500 kHz ADP, NWP 
Paros, OBS (2), CT(SB-MC), ERDC ADVO]  use best cond. ERDC/NWP OBS and CT.  Proposal to use 
8 ft tripod in channel to maintain low profile to minimize anthrop Interference and minimize hydrodynamic loading.  Shifted -21 
MLLW based on Bar Pilots request. Wave Burst ADVO data  = 34 Min duration@2Hz every 1 hour

Station 4:  9 ft Tripod with USGS Instruments, Tripod “A” SLOPING SEABED and sand waves.  
Offset 1,000 ft from nearest PNL acoustic beacon. Wave Burst ADVO data  = 17 Min duration@2Hz every 0.5 hour

Station 5:  9 ft Tripod with USGS Instruments, Tripod “B”. This is a high traffic corridor for 
shallow draft vessels transiting MCR, need to minimize anthrop. Interference.   Sand wave effect is unknown here. Near 
surface CTD element to be placed on buoy line. Wave Burst ADVO data  = 17 Min duration@2Hz every 0.5 hour

CTD Array:  6 CTD elements distributed uniformly thru deployed depth, Tether is to 
be “compliant” with peak ebb/flood, but try to avoid submergence of surface 
buoy…may also use buoyancy elements mid-way up tether.  Distance to Buoy  10 is 800 ft.  
Offset 1,000 ft from nearest PNL acoustic beacon.  Sampling on all CTD “elements” = every 0.5 hour; or 0.25 hour based 
on 2-5 minute averaging duration.

Dredging at MCR will cease by 24:00, 31 July and resume 6 August.  On  10 August, 
24:00  MCR dredging will cease and resume about 20 August.  No Dredging should 
occur near Mega-Transect during deployment period of 6 August – 6 September.
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Argus Beach Monitoring at North Head, Washington

NorthWest Research Associates (NWRA)
Sponsored by

USACE Portland District
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ARGUS Cameras

http://zuma.nwra.com/north_head/
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Site E
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North Head
Lighthouse
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North Head Panorama – 26 Feb 2005
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Panoramic to Plan Views – 26 Sept 04

250m

400m

670m

Mosaic Time Exposure
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Mapping intertidal beach 
bathymetry

•Map intertidal beach bathymetry from set 
of waterlines sampled over tidal cycle

• Identify horizontal location of waterline 
from video

•Find corresponding elevation of waterline 
from hydrodynamic conditions

High tide

Low tide
Tidal range



108

Argus Surveyed Shoreline Contours

Argus Intertidal Bathymetry

Argus Survey Contours & Resultant Intertidal Bathymetry Map
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Volume change

Cumulative change
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Camera #5
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MCR EnvironmentMCR Environment
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Severe Storm Climate during 1993-2002
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Mouth of
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GOES-10   0000 UTC 3 MAR 1999
image courtesy of  NOAA
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HIGH tide

LOW tide

Mean Sea Level 6 
ft

TIDE on NW PAC Coast is Semi-Diurnal: Two tides/day
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or Full Moon

SUN

SUN
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North Jetty, 25 ft high

South Jetty

beach combers

Low Tide 
Summer

Benson Beach
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High Tide 
Winter

25 ft wave

Potential Breach Area
one of many along this reach
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Currents Generated by TIDES and River Currents Generated by TIDES and River -- MCRMCR
1.5 million 1.5 million cfscfs goes in & out,  two times every day: current > 8 ft/secgoes in & out,  two times every day: current > 8 ft/sec

It’s more than 500,000 Acre-ft flowing 4 times each day

Ebb 
tide
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MCR

Peacock Spit

Clatsop Spit

Flood current

Flood current

Ebb current

Peacock Spit

Flood current

MCR north jetty

A

B

Flood current 
“rips”
around heads 
of jetties 
causing 
severe scour
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Currents transporting sand around jetty at Flood tide

Sand transport thru jetty

CURRENTSCURRENTS – affect jetty foundation stability 

(toe scour/slope failure).
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Wave-induced Recession of Jetty Head: 1994  - 2000  =  500 ft

WAVESWAVES – affect armor stone stability  

(“tossing” stone off of jetty).
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WAVE    GeometryWAVE    Geometry

Wave heightheight = vertical distance from trough to crest

Wave LengthLength = horizontal distance from crest to crest

Wave PeriodPeriod = Time between passage of successive crests
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Water Surface DisplacementWater Surface Displacement --STORM WAVESSTORM WAVES

Sequence of Waves Measured during 3 March 1999 6 Miles offshore MCR in 
115 ft water depth:  by USACE-EPA

678 698 718 738 758 778 798 818 838 858 878 898
-14
-12
-10

-8
-6
-4
-2
0
2
4
6
8

10
12
14

Time, sec

W
SE

-W
A

VE
S,

 m

678 698 718 738 758 778 798 818 838 858 878 898 -14

-12
-10
-8
-6
-4
-2
0
2
4
6
8
10
12
14

W
SE

 -
W

A
VE

S,
  m

20 sec

19 m WAVE  = 62 ft

227 sec time series  burst227 sec time series  burst

Energy = 1/8 Energy = 1/8 ρρgHgH22 PowerPower = = Energy FluxEnergy Flux = 2,000 Hp/ft of wave= 2,000 Hp/ft of wave



125
678 698 718 738 758 778 798 818 838 858 878 898

-150

-100

-50

0

50

100

150

C
ur

re
nt

 
- : N

- S
,c

m
s

678 698 718 738 758 778 798 818 838 858 878 898
-150

-100

-50

0

50

100

150

C
ur

re
nt

 
: N

-S
, c

m
s

OBSOBS Orb Orb VelVel vs.  vs.  HWMHWM Orb Orb VelVel

678 698 718 738 758 778 798 818 838 858 878 898
-150

-100

-50

0

50

100

150

- : N
- S

,c
m

s

678 698 718 738 758 778 798 818 838 858 878 898
-150

-100

-50

0

50

100

150

C
ur

re
nt

 
: N

-S
, c

m
s

OrbitalOrbital VelocityVelocity

678 698 718 738 758 778 798 818 838 858 878 898
-14
-12
-10

-8
-6
-4
-2
0
2
4
6
8

10
12
14

Time, sec

W
SE

-W
A

VE
S,

 m

678 698 718 738 758 778 798 818 838 858 878 898 -14
-12
-10
-8
-6
-4
-2
0
2
4
6
8
10
12
14

W
SE

 -
W

A
VE

S,
  m

20 sec

19 m WAVE  = 62 ft

Water Surface Elevation (Displacement)Water Surface Elevation (Displacement) --STORM WAVES:  STORM WAVES:  227 sec time series  burst227 sec time series  burst

115 ft water depth

At Seabed



126

Seas = short period waves 
(locally generated or short 
fetch)

Swell = long 
period 
waves

Wave Spectra = distribution of wave 
energy across different wave periods, 
at a given point in time.
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Columbia River - Shelf 
H>6m
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Figure 29.  Functional relationship between wave height (H) at jetty and required armor stone size (W), based 
on the Hudson Equation.  Results are shown for two different scenarios based on a variation in rock density 
(γ), stability number (Kd), and jetty side slope (θ).   The two scenarios effectively define the envelope
available for optimizing armor stone size, based on the above design parameters.  
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Snap-shot of Surface Winds over NE Pacific Ocean – Satellite Derived
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SNEAKER   WAVES
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Filtered for LOWPASS at 120 sec.
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